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Did you know?
•	 Livestock occupy up to 45% of the world’s ice-free 
surface area
•	 Livestock contribute 14.5% of the world’s human-
induced greenhouse gases; about 65% of the total 
from livestock comes from cows with poultry, pigs, 
buffalo and sheep/goats providing 7–10% each. 
•	 Livestock in the mixed crop-livestock systems 
in developing countries survive largely on crop 
residues, which means their production does 
not compete with human food requirements. In 
mixed crop-livestock systems, livestock boost 
crop yields by providing 25% of the crops’ 
nitrogen requirements through application of 
manure. 
•	 Livestock production in Africa’s vast rangelands 
could provide environmental benefits, with well 
managed grazing sequestering 8.6 million tons of 
carbon. 
Changes in climate and climate variability will affect 
livestock production systems in all parts of the world, 
and will inevitably impact the 1.3 billion poor people 
whose livelihoods are wholly or partially dependent on 
livestock. At the same time, livestock production is a major 
contributor to greenhouse gas emissions, putting pressure 
on livestock keepers to mitigate emissions as well as adapt 
to change. However, whilst the majority of emissions 
come from the North, the region that also has the highest 
meat consumption, the effects of climate change will be 
mostly felt in the South, where both emissions and meat 
consumption are much lower. Relatively little is known 
about the likely impacts of climate change on resource-
poor livestock keepers in the developing world, but ILRI 
and partners are working to improve this knowledge in 
order to provide regional and local information that can 
be used to set appropriate research agendas and to inform 
environmental debate. 
The double burden of poor nutrition (overconsumption 
and under-nutrition) together with the impacts of climate 
change are defining research agendas, affecting policies, and 
modifying conceptions about food in different ways around 
the world, but not necessarily in the most appropriate, just 
or efficient way. To ensure the sustainability of global food 
production and consumption, the global food system will 
have to improve its resource efficiency and environmental 
performance significantly. 
Livestock, the largest land use sector on Earth, is an 
important part of this challenge. The demand for livestock 
products is projected to grow substantially in the coming 
decades, driven by population increase, economic growth 
and rapid urbanization in many parts of the developing 
world. Major changes can thus be anticipated in livestock 
systems although the nature of these changes is not easy to 
foresee. In particular, the benefits of livestock, the negative 
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impacts they can have on the environment, and the effects 
of climate change on livestock and livestock systems are 
likely to vary significantly, according to the region. 
Knowledge gaps and future research  
priorities 
In developed countries, livestock systems are generally 
adaptable and resilient. In contrast, developing coun-
try households dependent on livestock keeping may be 
much more vulnerable to changes in climate and climate 
variability, with the potential for increased poverty and 
decreased food security. At the same time, there may be 
considerable growth potential in the smallholder live-
stock sector given the projected increase in demand for 
livestock products globally and the land-use changes this 
may bring about. 
ILRI’s assessment of livestock and climate change began 
in the late 1990s. In time, a discussion paper was drafted 
that provided an overview of climate change and its 
future impacts in general, the impacts of livestock on 
climate and of climate change on livestock, and possible 
responses in terms of adaptation and mitigation. The 
paper was then used to help identify major gaps in 
knowledge (including feeds, heat stress, water, diseases, 
biodiversity, livestock systems, and indirect impacts) 
of the possible future impacts of climate change on 
livestock keepers and livestock production systems in 
developing countries, and how their livelihood options 
may be affected to 2050. 
The resulting information was used in two main ways. 
Firstly, issues in ILRI’s research portfolio were identified 
where climate change research might contribute or where 
climate change information might be particularly useful. 
Secondly, some broad trends were identified that could 
have a substantial impact on forming public opinion in 
the North and hence on public funding of research for 
development issues in the South. 
Using high-resolution climate data and crop and biomass 
models, in recent years ILRI has developed continental-
scale analyses of likely changes in crop and biomass 
productivity under different scenarios of climate change to 
the 2050s in Africa and Latin America. This work, together 
with the outputs of continental-scale analyses, helped to 
identify geographic areas whose agriculture is likely to be 
particularly sensitive to the effects of climate change and 
to identify populations of people in the tropics that may be 
particularly vulnerable to the impacts of climate change on 
food security.
More recently, in 2013, the most detailed livestock analysis 
to date was published. The 2013 special issue of the 
Proceedings of the National Academy of Sciences (PNAS) 
was produced in collaboration with the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) 
and IIASA, showing that greenhouse gas emissions vary 
widely depending on the animal and the quality of its diet. 
The study also highlighted the fact that pork and poultry 
meat are generally produced much more efficiently (in 
terms of greenhouse gases emitted per kg of product) than 
milk and beef, and that in many parts of the developing 
world, animals require far more feed to produce 1 kg of 
protein than animals in developed countries.
“There’s been a lot of research focused on the challenges 
livestock present at the global level, but if the problems 
are global, the solutions are almost all local and very 
situation-specific. Our goal is to provide the data needed 
so that the debate over the role of livestock in our diets 
and our environments and the search for solutions to 
the challenges they present can be informed by the vastly 
different ways people around the world raise animals.” 
Mario Herrero, former ILRI staff and now chief research 
scientist at CSIRO, Australia.
Influence and impact 
In recent years, ILRI’s work in this area has been used 
to help prioritize target regions, countries and sites. For 
example, in the CGIAR Research Program on Climate 
Change, Agriculture and Food Security (CCAFS), ILRI and 
partners have undertaken an evaluation of the impacts of 
climate change on rangeland distribution and net primary 
productivity for the remainder of the century. 
The work has also had some impact in addressing the lack 
of information on livestock in several integrated global 
assessments, despite livestock being recognized as one 
of the major drivers of global change. For example, ILRI 
authors contributed to the International Assessment of 
Agricultural Science and Technology for Development 
report in 2008 and, more significantly, for the 4th and 5th 
IPCC Assessment reports (2007 and 2014).  
Cattle trek home along a dry riverbed in Pacassa Village, Tete Province, 
Mozambique.
ILRI Research Brief — November 2014 3
ILRI’s work has been used to help set priorities by 
donors such as the Department for International 
Development (DFID), the World Bank, the United States 
Agency for International Development (USAID) and the 
International Development Research Centre (IDRC), 
and by other agencies such as FAO, IIASA and PIK. At 
regional and national level these include the Association for 
Strengthening Agricultural Research in Eastern and Central 
Africa (ASARECA), the Kenya Agricultural Research 
Institute (KARI) and the Food, Agriculture and Natural 
Resources Policy Analysis Network (FANRPAN).
In amplifying the influence of ILRI’s work on climate change, 
the media have played an important role in disseminating 
findings to the public and policymakers. For example, 
promotion of the 2010 article “Potential for reduced 
methane and carbon dioxide emissions from livestock and 
pasture management in the tropics” resulted in coverage 
across Africa and Europe in at least six languages. In 
particular, coverage noted one of the article’s major findings: 
that small changes in livestock management in tropical 
countries could cut livestock-related emissions by about 7%. 
The 2013 PNAS special issue on livestock systems was 
reported on by Time magazine, the BBC and the Economist 
as well as across various African media outlets (e.g. Africa 
Science News and Kenya’s Business Daily). 
“The significance of the work [presented in the PNAS 
special issue]...is not only the data set itself, but its now 
public availability, enabling researchers and modellers 
around the world to use it in their own analysis…”  
Peter Havlik, IIASA researcher
In addition, the data compiled and released for the PNAS 
2013 special issue has had a catalysing impact on the 
broader climate change community (see quote). Several 
modeling groups, in addition to IIASA (the GLOBIOM 
model), are seeking to incorporate the new data into 
their work, including IFPRI’s IMPACT model; The Postdam 
Institute for Climate’s MAgPIE model (Model of Agricultural 
Production and its Impacts on the Environment); and FAO’s 
model for “World Agriculture towards 2030/2050”. The 
research is also cited in the IPCC 5th Assessment report 
on mitigation, the most important international document 
on climate change for policymakers. 
Data compiled for the PNAS special issue will also be 
used in the IPCC’s integrated assessment models, the 
results of which inform the design of mitigation targets 
and evaluation of mitigation options. Such work includes 
the climate smart mitigation initiative which was launched 
by FAO, IPCC and others at the UN Climate Smart 
Agriculture conference in September 2014. 
Way forward 
The livestock sector has a key role to play in achieving a 
balance between food production, livelihoods, and environ-
mental objectives. Recent research by ILRI and its partners 
have significantly advanced the understanding of livestock 
systems, and particularly in relation to the environment 
and climate change. The livestock sector cannot be studied 
in isolation – an integrated approach is required. On-going 
work on livestock futures will have a role in shaping the 
development agenda. Such work should help to influence 
and positively direct future discussions about livestock in a 
changing climate and their critical importance in sustaining 
hundreds of millions of poor people in developing coun-
tries. 
Cattle die in the drought - district of Admitullu Jiddo Kombolcha in Ethiopia. 
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This is one of a series of briefs documenting the impacts 
of ILRI’s research.
It was prepared by WRENmedia with inputs by Philip 
Thornton and Mario Herrero.
Rain clouds over a farming village near Iringa, Tanzania.
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